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[57] ABSTRACT 

A solid-state area imaging device for generating an 
output indicative of an intensity distribution of light 
received at a predetermined plane is so constructed that 
the undesired charges of light-receiver photodiodes and 
the undesired charges of a vertical transfer section are 
drained collectively. This construction realizes a solid- 
state area imaging device having a high picture element 
density and capable of ensuring a high resolution and 
more particularly a high-efficiency solid-state area im- 
aging device having interline transfer CCD means and 
well suited for use with electronic shutter equipped 
electronic still picture cameras or variable shutter speed 
video cameras. 

2 Claims, 26 Drawing Figures 
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SOLID-STATE AREA IMAGING DEVICE HAVING 
INTERLINE TRANSFER CX:D MEANS 

This application is a continuation of application Ser. 5 
No. 499,231. field May 31. 1983, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a solid-state area 10 
imaging device having an interline transfer CCD means 
which is well suited for use with electronic still picture 
cameras and variable shutter speed video cameras. 

2. Description of the Prior Art 

In the past, it has been known to use a solid-state area *5 
imaging device having interline transfer CCDs in cases 
where it is desired to use a solid-state, area imaging 
device having an electronic shutter function with an 
electronic still picture camera, i.e., a still picture photo- 
graphing and recording camera including electronic 
imaging means and electric or magnetic recording 
means capable of recording or reproducing an electric 
signal produced by the imaging device, variable shutter 
speed video camera or the like. 

SUMMARY OF THE INVENTION 

It is the primary object of the invention to provide a 
solid-state area imaging device having interline transfer 
CCD means which is high in picture element density 
and capable of ensuring a high resolution and which is 
particularly well suited for use with an electronic still 
picture camera having an electronic shutter function, a 
variable shutter speed video camera or the like and 
capable of draining the undesired charges of the light- 
receiving photodiodes and the undesired charges of the 
vertical transfer section collectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. lA, IB and IC are respectively a plan view, ^ 
A-A' sectional view and schematic potential barrier 
diagram showing schematically the principal parts of an 
example of the prior art interline transfer CCD. 

FIGS. 2A and 2B are respectively a plan view and 
B-B ' sectional view showing schematically the princi- 45 
pal parts of a first embodiment of a device according to 
the present invention. 

FIG, 3. is a timing chart showing an example of the 
method of driving the device of FIGS. 2A and 2B. 

FIGS. 4A to 4G are schematic diagrams showing the 50 
potential barrier conditions to the electrons in the vari- 
ous parts at the main times in the operation shown in 
FIG. 3. 

FIG. 5 is a block diagram showing the principal parts 
of an electronic still picture camera incorporating the 55 
first embodiment of the invention. 

FIG. 6 is a timing chart showing the timing of the 
pulses generated at various points in FIG. 5. 

FIG. 7 is a schematic diagram of an automatic focus- 
sing sensor to which the invention is applied. 60 

FIGS. 8A, 8B and 8C are respectively a plan view, 
C-C sectional view and potential diagram showing 
schematically the principal parts of a second embodi- 
ment of the invention. 

FIGS. 9A, 9B and 9C are respectively a plan view, 65 
D-D' sectional view and potential diagram showing 
schematically the principal parts of a third embodiment 
of the invention. 
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FIGS. lOA. lOB and IOC arc respectively a plan 
view, E-E' sectional view and potential diagram show- 
ing schematically the principal parts of a fourth embodi- 
ment of the invention. 

FIG. 11 is a block diagram for controlling the volt- 
ages applied to the electrode 4>nn the second, third and 
fourth embodiments of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring first to FIGS. lA and IB. there is illus- 
trated an example of the conventional four-phase inter- 
line transfer CCD. FIG. lA is a plan-view and FIG. IB 
is a sectional view of the portion taken along the line 
A-A' of FIG. lA. More specifically, an overflow drain 
2 forming excess charge draining means is arranged 
parallely on one side of an array of photodiodes 1 form- 
ing a light-sensing section and a vertical transfer section 
3, including a signal charge vertical transfer CCD, is 
similarly arranged on the other side of the photodiode 
array 1. An overflow control gate 4 for overflow poten- 
tial controlling purposes is also arranged between the 
photodiode array 1 and the overflow drain 2, and also 
disposed between the photodiode array 1 and the verti- 
cal transfer section 3 is a transfer gate 5 for transferring 
the signal charges stored in the photodiode array 1 to a 
buried channel 32 below electrodes ^i, <l>2i Oaand <I>4of 
the vertical transfer section 3. Considering this as a unit 
element array of the vertical photodetecting and trans- 
fer channel of the interline transfer CCD, channel stops 
6 and 7 for preventing the spreading of charges in the 
horizontal direction are arranged between the units. By 
arranging a plurality of unit element arrays, a two-di- 
mensional image sensor is assembled. Note that in the 
vertical transfer section 3 including the vertical transfer 
electrodes 4>i, <l>2, <l>3 and ^4 and the buried channel 32, 
during the vertical transfer the potentials under the 
channels 32 vary vertically between the solid-line posi- 
tion and the broken-line position as shown in the poten- 
tial diagram of FIG. IC illustrated below and aligned in 
position with FIG. IB. 

To provide the conventional interline transfer CCD 
of this construction with an electronic shutter function, 
it is necessary to provide an operational function such 
that after the charges stored in the light-receiver photo- 
diode array have been drained as a whole, the exposure 
is effected for the required time and upon completion of 
the exposure the signal charges produced at the photo- 
diodes by the exposure are transferred by some means 
to below the vertical transfer electrodes from which the 
undesired charges have already been removed. Thus, 
the conventional driving system is designed so that the 
collective draining of the undesired charges from the 
photodiode array 1 prior to each exposure is effected by 
applying a high voltage to the overflow control gate 4 
and thereby decreasing the potential barriers between 
the photodiodes and the overflow drain and the unde- 
sired charges under the electrodes 4>i, <I>3and <l>4arc 
successively drained to the ouuide of the transfer CCD 
through the same path as the signal charges by virtue of 
the vertical transfer and horizontal transfer effected 
prior to the transfer following the completion of the 
exposure, thereby providing the desired shutter func- 
tion. 

However, the above-described electronic shutter 
function of the conventional interline transfer CCD has 
some disadvantages which will be described hereunder. 
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The first disadvantage is that the undesired charges 
under the vertical transfer electrodes, e.g., the charges 
due to dark currents, are drained via the same path as 
the signal charges and thus a considerable time is re- 
quired for draining the undesired charges no matter 5 
how fast the transfers are effected. 

For instance, considering the case where the expo- 
sure control is effected by the TTL direct light meter- 
ing system, if the undesired charges produced at the 
vertical transfer section 3 by the dark currents or the !0 
like are drained after the completion of the light meter- 
ing, particularly in the case of a high speed shutter 
(where the exposure time is very short), the time re- 
quired for draining the undesired charges is added to 
the exposure time and there is thus the danger of making 1 5 
the exposure excessive correspondingly. While it is 
conceivable to complete the draining of the undesired 
charges from the vertical transfer section 3 before the . 
completion of the light measurement, it is impossible for 
the TTL direct light metering system to know the shut- 20 
tcr speed preUminarily, with the result that the draining 
of the undesired charges must be effected before the 
beginning of each exposure or upon the initiation of 
each exposure and this makes it necessary to apply 
transfer clocks over a long period of time in the case of 25 
a low speed shutter (where, the exposure time is very 
long), thereby giving rise to a disadvantage of increas- 
ing the power consumption. 

The second disadvantage is due to the draining of the 
undesired charges from the photodiodes to the over- 30 
flow drain by means of the overflow control gate in 
place of the transfer gate. In other words, after the 
undesired charges have been drained to the overflow 
drain prior to each exposure, the exposure is effected for 
the time corresponding to the shutter speed and thai the 35 
signal charges stored at the photodiodes are transferred 
to the vcrtical transfcr CCD by means of a transfer gate. 
In this, case, irregularity, nonuniformity and the like 
occur in the geometrical dimensions, impurity densities, 
etc., within the elements due to the manufacturing pro- 40 
' cess, etc., and thus the potential barrier under the over- 
' flow control gate and the potential barrier under the 
transfer gate differ in level from each other in the hori- 
zontal direction with respect to each photodiode. More- 
over, the two potential barriers also vary in the vertical 45 
direction independently of each other. Therefore, when 
the charges arc transferred from the photodiodes to the 
vertical transfer CCD after the completion of the expo- 
sure, there is a disadvantage that the signal charges are 
transferred incompletely or the excess charges are 50 
transferred with the resulting superposition of noise and 
the S/N of the signal charges is deteriorated greatly. 
This in turn results in a deteriorated picture quality, 
thus giving rise to a disadvantage that there must be a 
high degree of uniformity among the elements in order 55 
to realize the desired function of draining the undesired 
charges to the overflow drain. 

The third disadvantage is due to the transfer of the 
signal charges from the photodiodes to the vertical 
transfer CCD by means of the transfer gate. In other 60 
words, it has been the usual practice that after applying 
a low voltage to the transfer gate, thereby making the . 
level of the potential barriers.under the transfer gate 
higher than the level of the potential barriers under the 
overflow control gate, and then exposing and storing 65 
the charges in this condition, a high voltage pulse is 
momentarily applied to the transfer gate so that the 
potential barriers under the transfer gate are lowered 



and the signal charges arc transferred to the vertical 
transfer CCD from the photodiodes. 

However, there is a disadvantage that the signal 
charges at the photodiodes cannot be transferred com- 
pletely in such a short period of time and some a part of 
the signal charges is inevitably left at the photodiodes. 
This also gives rise to a difficulty in the draining of the 
undesired charges prior to each exposure, that is, the 
undesired charges cannot be completely drained so that . 
the remaining charges are mixed with the essential sig- 
nal charges due to the exposure and the picture quality 
is deteriorated. 

The present invention will now be described in 
greater detail with reference to the illustrated embodi- 
ments. 

FIG. 2A is a plan view showing the construction of a 
first embodiment of an interline transfer CCD used with 
the invention, and FIG. 2B is a sectional view taken 
along the line B-B' of FIG. 2A. 

In these Figures, numeral 1 designates light-receiving 
photodiodes, 2 an overflow drain, 2' an overflow drain 
for the adjoining unit clement array, 32 a buried channel 
of a vertical transfer CCD3, 4 an overflow control gate, 
and 5 a transfer gatfe. These elements 1 to 5 form a single 
unit element array. In the case of this embodiment, the 
vertical transfer CCD of the four-phase drive type and 
designated at <l>i to <I>4are the electrodes of the vertical 
transfer CCD. Numerals 6 and 7 designate channel 
stops. The channel stops 7 stop the charges produced at 
the photodiodes 1 from spreading vertically. 

The device of this invention differs from the prior art 
device in that the channel stop 6 heretofore used to 
prevent the horizontal spreading of charges and which 
thus took the form of a^vertically continuous straight 
member is now formed Vith a gap for every picture 
element as shown in the Figures, and a gate 8 (hereinaf- 
ter referred to as a clear gate) is arranged above the 
channel stops 6' so as to control the potential barriers to 
the electrons at the gaps. 

The device of this invention is constructed by form- 
ing a P layer on an n-type substrate by injecting boron 
ions or the like and then injecting phosphor, arsenic or 
the like by ion injection into the.P layer to form n and 
n+ layers and thereby form the overflow drains 2, the 
photodiodes 1 and the buried channels 3 of the vertical 
transfer CCDs as shown in FIG. 2B. 

In FIG. 2B, numeral 9 designates a light shielding 
coating for preventing the portions other than the pho- 
todiode 1 from being exposed and particularly prevent- 
ing the signal charges from being deteriorated while the 
signal charges are stored in the vertical transfer CCD 
and read therefrom. Also, the photodiode section of the 
device has an npn three-layer structure so as to prevent 
the smear components in the known manner. The volt- 
age applied to the overflow control gate 4 is fixed. 

The driving system for the embodiment of the inven- 
tion will now be described with reference to the device 
of the invention. 

FIG, 3 shows a timing chart of the principal drive 
pulses required when the device is incorporated in an 
electronic still picture camera. Designated at <^i, <I>2, 
4>3 and <I>4 are the four transfer electrode applied volt- 
ages of the vertical transfer CCD, and designated at 
<l>7t7 and 4>CG are the voltage waveforms applied to the 
transfer gate and the clear gate, respectively^ 

FIGS. 4A to 4G are schematic diagrams showing the 
potential barriers to the electrons in the various parts of 
the device at the times shown in FIG. 3 and the descrip- 
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tion will now be made in the order of the passage of 
time. 

In the case of this embodiment, the electronic still 
picture camera incorporating the present device main- 
tains the condition existing at a time t=to prior to each 5 
exposure for photographing. More particularly, a high 
voltage is applied to the vertical transfer electrodes <I>i 
02 and a low voltage is applied to the vertical transfer 
electrodes <I>3 and 04- Also, the transfer and clear gate 
applied voltages <I>ru and <I>cg arc low and therefore 10 
their potential barriers become as shown in FIG. 4A. 

In FIG. 4A, the charges exceeding the saturatioii 
point of the photodiodes are drained to the overflow 
drain 2 since the potential barriers under the overflow 
contro gate 4 are set lower than the potential barriers 15 
under the transfer gate 5. 

On the other hand, the dark current charges are 
stored in the vertical transfer CCD as shown in the 
Figure. To initiate the photographing in this condition, 
at a time t=ti a high voltage is first applied to the clear 20 
gate 8 to decrease the potential barriers under it and also 
the applied voltage to the electrodes and <I>2 is re- 
duced to raise the potential barriers thereunder. As a 
result, the undesired charges at the buried channel 3 of 
the vertical transfer CCD are drained to the overflow 25 
drain t of the adjoining unit element array as shown in 
FIG. 4B. FIG. 4B shows that the potentials <I>i and 
to the electrons under the electrodes <l>i and <I>2 are in 
the course of being increased gradually and eventually 
they rise to the level of the broken line. By virtue of this 30 
operation, the undesired charges at the buried channel 3 
of the vertical transfer CCD are transferred as a whole 
to the overflow drain 2' without performing any trans- 
fer operation. 

Then, the voltage to the transfer electrodes ^\ and 35 
<I>2 is again raised to the high voltage and a voltage is 
applied to the transfer gate 5 at a time t=t2. As a result, 
the charges exceeding the potential barriers determined 
by the transfer gate applied voltage <I>7Tc;are transferred 



barrier condition shown schematically in FIGS' 4D or 
4£ is maintained until the proper exposure time is com- 
pleted. In other words, the signal charges produced at 
the photodiodes 1 move over the potential barriers 
under the transfer gate 5 and transfer to the vertical 
transfer CCD 3. At this time, the voltage indicated at 
Vi in FIG. 3 is applied to the clear gate 8 and thus the 
potential barriers under the clear gate 8 are set lower 
than the potential barriers under the transfer gate 5. 

In this case, it is needless to say that no voltage is 
applied to the electrodes <l>3 and <l>4 of the vertical trans- 
fer CCD 3 so that the potential barriers under the clear 
gale 8 are lower than the potentials 03 and to the 
electrons under the electrodes 4>3 and O4 and the over- 
flow signal charges are prevented from spreading verti- 
cally. 

As a result, the overflow charges from the vertical 
transfer CCD 3 are drained to the overflow drain 2' of 
the adjoining unit element array as shown in FIG. 4e 
The correct exposure time which starts at the time, t3 
and ends at the time t6, may be conveniently computed 
by means of separately provided light metering means 
and a light metering circuit. 

After the exposure has been completed and the trans- 
fer gate voltage and the clear gate voltage have been 
reduced to the low voltage and after a time t?, the signal 
charges stored in the vertical transfer CCD 3 are trans- 
ferred and read in the same manner as in the ordinary 
interline transfer CCD. The potential conditions at 
these times are shown in FIGS. 4F and 4G. Just after 
the completion of the photographing, the most of the 
photodiodes 1 are not in the saturated state and there 
exists the condition shown in FIG. 4F. However, at the 
expiration of a certain time, the charges start to saturate 
at some of the photodiodes 1 and consequently the 
overflow charges are drained to the overflow drain in 
the same unit element array as shown in FIG. 4G. As a 
result, the occurrence of blooming phenomena is sup- 
pressed during the reading of the signal charges. FIGS. 



from the photodiodes 1 to the potential wells under the 40 4A to 4G show only the case where the charges arc 



electrodes *i and <1>2 as shown in FIG. 4C. In this case, 
no difficulty will be caused from the practical point of 
view even if the voltage application time for the transfer 
gate 5 is increased sufficiently to on the order of 1 m sec, 
for example. Thus, this transfer can practically be con- 
sidered as a complete transfer. 

At a time t=t3, the applied voltage to the transfer 
gate 5 is again restored to the low voltage so that the 
charges of the photodiodes 1 exceeding the predeter- 
mined reference potential barrier are transferred to the 
vertical transfer CCD 3 and then at a time t==t4the high 
voltage is again applied to the clear gate 8 thereby 
draining these charges to the overflow drain 2' of the 
adjoining unit element array as shown in FIG. 48. 

By virtue of the above-described operation, the unde- 
sired charges of both the vertical transfer CCD 3 and 
the photodiodes 1 can be drained through the clear gate 
8 or the clear gate 8 and the transfer gate 5 prior to each 
photographing. 

On the other hand, the storage of signal charges is 
started at the time t=t3at which the applied voltage to 
the transfer gate 5 is restored to the low voltage. The 
time interval between the time t at which the charges 
transferred from the photodiodes 1 to the vertical trans- 
fer CCD 3 are drained and a time t is as small as several 
microseconds sec. Thus, the exposure is continued even 
after the time ts. After the time ts, the high voltage is 
again applied to the transfer gate 5 so that the potential 



45 



50 



55 



60 



65 



taken from the photodiodes 1 which are adjacent to the 
electrodes <I>i and <l>2 of the vertical transfer section 3. 
To take the charges from the photodiodes 1 which are 
adjacent to the electrodes <I>3 and <I>4, it is only necessary 
to reverse the timings of the voltages applied to the 
electrodes <I>i, <I>2 and the electrodes 4>3, 4>4, respec- 
tively. 

FIG. 5 is a partial block diagram of an electronic still 
picture camera'useful for explaming the operation of the 
first embodiment of the invention, and FIG. 6 is a tim- 
ing chart showing the timing of the pulses at various 
points in FIG, 5. For purposes of simplifying the de- 
scription of the pulse required for the CCD image sen- 
sor, only the method of generation of the clear gate 
pulse <I>cc» transfer gate pulse <I>7T;and four-phase verti- 
cal transfer clocks to O4 is shown. In FIG. 5, when 
a release switch 61 is turned on, the output Q6 of a 
flip-flop 62 comprising two N AND gates goes to a high 
level. The output Q6 is applied to a 14-bit shift register 
63 and a light metering and computing circuit 64 and it 
serves as a shift-in input for the shift register 63 and as 
an initialize pulse for the light metering and computing 
circuit 64. 

In the present embodiment, the exposure timing is 
synchronized with a television synchronizing signal 
generating circuit (not shown) and also horizontal drive 
signals HD are applied as clocking signals to the shift 
register 63. Consequently, pulses arc generated at the 
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14-bit outputs Qi to Qi* of the shift register 63 in re- 
sponse to the input Q96 as shown in the timing chart of 
FIG. 6. 

In response to these outputs, a logical circuit 72 
shown by the dot-and-dash line in the center of FIG. 5 
generates a pulse ^cGh for applying the high voltage 
VH to the clear gate, a pulse <PccJ for applying the 
intermediate voltage V/to the clear gate, a transfer gate 
pulse ^TG and a pulse <I>i2 for forcibly changing the 
vertical transfer clocking signals Oi and O2 to the low 
level as shown in the timing chart of FIG. 6. Also the 
output Qo is applied directly to the light metering and 
computing circuit 64, which in turn initiates the compu- 
tation of an exposure time in accordance with the out- 
put of light measuring means 65. When the proper light 
quantity for an image sensor 66 is reached, the light 
meterinjg and computing circuit 64 generates an end-of- 
exposure pulse as shown at 0^ in FIG. 6. The pulse <I>* 
clears the flip-flop, 62, the shift register 63 and two 
D-type flip-flops 67 and 68. However, the D-type flip- 20 
flop 67 is cleared through a delay circuit 69 and thus the 
falling edge of the pulse 4>cc/ is delayed by a time t\ 

. with respect to the other pulses. This delay time r\ 
corresponds to the time interval between the times 

. t=t6 and t=t7 in the timing chart of FIG. 6; The pulse 25 
(J>eis passed through another delay circuit 70 so that it 
serves as a start pulse for a vertical transfer drive 

. circuit 71 and the vertical transfer of the signal charges 
in the device is started. 

. The times ti to t? indicated in the lowermost part of 30 
FIG. 6 completely correspond to the times ti to t? 
shown in FIG. 3. 

FIG. 7 shows another embodiment in which the pres- . 
ent invention is applied to an automatic focussing sensor 
and the principle of the automatic focussing is applica- 
ble to either the front and rear focus image error detec- 
tion system or the dual system coincidence system. 

In the Figure, two rows of photodiodes PD are ar- 
ranged parallel to each other and a common overflow 
. drain OFD is arranged between the rows.- Disposed on 
the sides of the overflow drain OFD are overflow con- 
trol gates OFCG for controlling the level of potentials 
during the draining of charges to the overflow drain. It 
is needless to say that each of the photodiodes is isolated 
in the horizontal direction by a channel stop (not 45 
shown). The charges produced at each row of the pho- 
todiodes are stored in the potential wells under a store 
gate STORE through a barrier gate BG. After the com- 
pletion of the exposure for a predetermined time, the 
barrier gate BG is closed and the charges under the 50 
-store gate STORE are read into a horizontal . transfer 
CCD (H.CCD) via a transfer gate TG. In this embodi- 
ment, the horizontal transfer CCD (H.CCD) is driven 
by two-phase clocking signals of different phase <I>i and 
02. A clear gate CG and a clear drain CD are arranged 
on the side of the horizontal transfer CCD (H.CCD) 
opposite to the transfer gate TG so as to drain the 
charges in the horizontal transfer CCD (H.CCD) as a 
whole. As a result, the undesired charges within the 
device (the dark current charges or the undesired 60 
charges due to the driving timing of the device) can be 
drained by means of. several clocking signals T most. 
Note that MPD indicated by the hatching are photosen- 
sitive elements which serve as optical black lamps for 
detecting the dark currents in the photodiodes PD. 

Note that in the Figure only the photodiodes can be 
exposed to light and the other parts of the device are 
shielded from light 
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FIGS. 8<7 and %b are respectively a plan view and 
C — C sectional view, showing schematically a part of 
an interline transfer CCD according to a second em- 
bodiment of the invention. This CCD includes no trans- 
fer and clear gates, and vertical transfer electrodes <l>i, 
O2, <l>3 and O^are separated from the adjacent overflow 
drain 2. Note that in FIG. %b the vertical transfer elec- . 
trodes <I>i, O2, 4>3 and O4 are designated at 31 for pur- 
poses of description. 

In ¥IG. Sb, the right side of a buried channel 32 of a 
transfer section 3 adjoins an overflow drain 2' of the 
adjoining unit elen;ent array zo as to permit draining of 
the charges from a channel 32 to the overflow drain 2' 
and the undesired charges from the light-receiver pho- 
todiodes 1 of the associated unit element array can also 
be drained to the overflow drain 2' as will be seen from 
the overflow drain on the left side in FIG. 83. 

As shown in FIG, 8B, the vertical transfer electrodes 

31 are adapted to form the potential wells only in the 
vicinity of the photodiodc array 1 on the left side of the 
buried channel 32 with the result that the left sides of 
the electrodes 31 extend over the photodipde array 1 . 
and their right sides are separated from the adjoining 
overflow drain 2'. 

As a result, in the device of FIGS. 8A and 8B each 
unit clement array includes only' the vertical transfer 
electrodes 31 and the electrode of an overflow control 
gate 4 as its electrodes and the electrodes may Ijc- sim- 
pler in electrode.construction than previously. Also, the 
voltage applied to the electrode of the overflo\y control 
gate 4 is fixed and therefore the potential of the over- 
flow control gate 4 is also fixed. 
. A driving method by which an image sensor incorpo- 
rating the intcriine transfer CCD according to the 
above-described second embodiment is caused to per- 
form a shutter operation electronically, will .now be 
described with reference to the potential diagram of . 
FIG. 8C as follows. 

When the potentials of the vertical transfer electrodes 
<I>1 and <I>2 or <I>3 and 4>4 of this CCD arc reduced to the 
lowest voltage V^, the potential of the buried channel 

32 attains the highest pjotential as shown in FIG. 8C so 
that if there are any charges at the channel 32, all the 
charges are drained to the adjoining overflow drain 2'. 
On the other hand, when the potentials of the vertical 
transfer electrodes and 4>2 and <t>i and <l>4 attain the 
highest potential Vjy, the potential barriers between 
them and the photodiodes 1 decrease and thus, the signal 
charges are transferred from the photodiodes 1 to the 
potential wells formed on the left side of the buried 
channel 32 m the Figure. 

To vertically transfer the signal charges, it is only 
necessary to effect the transfer by applying as transfer 
potentials two different voltage levels Wil and Vjh 
which are intermediary between the voltages V^, and 
Vjf' In this case, it is of course necessary to adjust the 
voltages Vji and Vjff and the overflow control gate 
voltage in . such a manner that the potential barriers 
between the photodiode array 1 and the buried channel 
32 become higher than the potential barriers between 
the photodiode array 1 and the adjoining overflow 
drain 2' when cither of the voltages Vjl and V/^ is 
applied to the electrodes <l>i, <t>3 and O4. 

By so doing, it is possible to simultaneously and col- 
lectively drain to the adjoining overflow drain 2' the 
undesired charges from the photodiode array 1 by the 
overflow control gate 4 and to drain the undesired 
charges from the channel 32 of the vertical transfer 
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section 3 in response to the application of the voltage 

to the vertical transfer electrodes Oi and <1>2 or 
and <t>4 4 without using the transfer gate and the clear 
gate is in the case of the first embodiment of this inven- 
tion. 5 

FIGS. 9 A, 9B and 9C are respectively a plan view 
D — D', sectional view and potential diagram showing 
schematically a third embodiment of the invention and 
this third embodiment differs from the second embodi- 
ment of FIGS. 8A and 8B in that the construction is 10 
simplified by eliminating even the overflow drain con- 
trol gate electrode 4 and only the vertical transfer elec- 
trodes 31 are provided as the necessary electrodes. In 
this embodiment, the potential barriers between the 
photodiodc array 1 and the overflow drain 2 are fixed 15 
by the regions designated by numeral 7 shown in FIG. 
9B and formed in the n-type region having a lower 
donor density than the former two. Note that the verti- 
cal transfer electrodes <I>i, <I>2, ^3 and 4>4 are designated 
by 31 in FIG. 98 for purposes of description. 20 

Now describing the operation of the CCD of this 
embodiment with reference to FIG. 9C, in the same 
manner as in the second embodiment of FIGS. 8A and 
8B, the four voltages Vl, ^iu Vj/ and Vm arc applied 
to the vertical transfer electrodes 31 and the resulting 25 
operations arc the same in the case of the second em- 
bodiment However, the device of the third embodi- 
ment differs essentially from the second embodiment in 
that the overflow control gates 4 are eliminated. How- 
ever, as in the case of the second embodiment, the drain- 30 
ing of the undesired charges from the photodiode array 
1 to the overflow drain 2' is not completely impossible 
and this can still be made in a much shorter period of 
time than in the prior art device along with the draining 
of the undesired charges from the vertical transfer chan- 35 
nel. 

In other words, this is accomplished by first applying 
the high voUage Vh to the vertical transfer electrodes 
Oi and <I>2 and <I>3 and <l>4, thereby transferring the unde- 
sired charges from the photodiode array 1 to the buried 40 
channel 32 under the electrodes and then applying the 
"low voltage to the vertical transfer electrodes Oi 
and <l>2 and <I>3 and <I>4 thereby draining the undesired 
charges transferred to the channel 32 to the adjoining 
ovcrfiow drain 2'. 45 

By so doing, the draining of the undesired charges 
from the vertical transfer section 3 is effected by the 
first-stage transfer and the draining of the undesired 
charges from the photodiode array 1 is effected by the 
second-stage transfer. Thus, if the device is used as a 50 
shutter function equipped area imaging device for elec- 
tronic still picture cameras, prior to the start of each 
exposure all the undesired charges can be completely 
drained in as small pulses in order as one or two clock 
time to prepare for the photographing. 55 

The same effects can also be obtained by another 
embodiment (not shown) which is designed so that 
instead of forming gaps in a conventional channel stop- 
per 6 (see FIG. lA) provided between the vertical 
transfer section 3 and the overflow drain 2', a horizontal 60 
CCD structure is formed by the ordinary method and 
thus the charges from the vertical transfer section 3 arc 
collectively drained to the overflow drain 2'. 

FIGS. IDA, lOB and IOC show a fourth embodiment 
of the invention which differs from the construction of 65 
the third embodiment in that a clear gate 8 is provided 
between the vertical transfer section 3 and the overflow 
drain 2'. By thus providing the clear gate 8, even if the 



vertical transfer channel 32 is substantially separated 
from the overflow drain 2' of the adjoining unit element 
array, the potentials just under the clear gate 8 can be 
adjusted by controlling the voltage applied to the clear 
gate 8 and in this way the same functions and effects as 
in the third embodiment can be obtained, although the 
electrode structure is somewhat complicated. 

FIG. 11 shows a block diagram for controlling the 
voltages applied to the electrode <l>i in the second, third 
and fourth embodiment of the invention. 

The voltages V//, V///, Vi and Vji applied to the 
electrode <ti arc produced by dividing a volt<ige 
through resistors. In accordance with the pulses 0//, 
*^/V/t ^IL and <l>i, a drive circuit 80 controls the opening 
and closing of analog switches 81, 82, 83 and 84 and 
thereby controls the voltages V//, Vjh, ^il and V/, 
applied to the electrode <I>i of an image sensor 85. In the 
second, third and fourth embodiments, the voltages V//, 
V/iy, y/i and V/. are applied only to the electrodes O] 
and <l>3 of the vertical transfer section 3 which arc adja- 
cent to the photodiodes 1. Only the voltages Vjh and 
V/L for vertical transfer purposes are while the applied 
to the electrodes <t>2 and and O4. As a result block for 
controlling the voltages applied to the electrode <t>3 is 
the same, the timing of pulses generated to analog 
switches corresponding to the analog switches 81 to 84 
from a circuit corresponding to the drive circuit 80 for 
controlling the timing of application of the voltages V/f, 
V/jy, V/l and to the electrode <l>3 is different from 
the timing of the pulses generated from the drive circuit 
80. 

What is claimed is: 

1. A solid-state area imaging device having first and 
second stripe-shaped light intensity detecting means 
arranged adjacent to a predetermined plane, each of 
said light intensity detecting means comprising: 

(a) a plurality of photosensitive elements each having 
a photosensitive surface arranged near said prede- 
termined plane so as to produce an amount of elec- 
tric charge corresponding to an intensity of light 
received by said photosensitive surface, said plural- 
ity of photosensitive elements being arranged in a 
row; 

(b) drain means for draining a portion of said charges 
produced by said plurality of photosensitive ele- 
ments, said drain means being arranged along said 
row of said plurality of photosensitive elements; 

(c) first gate means for forming a first potential bar- 
rier, said first gate means being arranged between 
said drain means and said row of said plurality of 
photosensitive elements; 

(d) transfer means for storing charges and then trans- 
ferring said charges to outside of said device, said 
transfer means forming a second potential barrier 
and a potential well whereby the potential of said 
second potential barrier is higher than the potential 
of said potential well and being arranged along said 
row of photosensitive elements on the side opposite 
to said first gate means; 

(e) second gate means for forming a third potential 
barrier, said second gate means being arranged 
along said transfer means on the side opposite to 
said row of photosensitive elements; and 

(0 control means for controlling the potential of said 
second potential barrier and said potential well 
with the potential difference between said second 
potential barrier and said potential well being sub- 
stantially constant, said control means having first, 
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second and third control states, said potential well 
being arranged between said second potential bar- 
rier and said third potential barrier, 

wherein said control means controls the potential of 
said second potential barrier whereby the potential 5 
of said second potential barrier is. lower than the 
potential of said first potential barrier and said third 
potential barrier and said transfer means stores 
charges produced by said plurlaity of photosensi- 
tive elements in said potential well when said con- 10 
trol means is in said first control state, . 

said control means controls the potential of said sec- 
ond potential barrier and said potential well 
whereby the potential of said second potential bar- 
rier is higher than the potential of said first poten- 15 
tial barrier and the potential of said potential well is 
lower than the potential of said third potential 



barrier and said transfer means transfers charges to 
outside of said device when said control means is in 
said second control state, and 
said control means controls the potential of said po- 
tential well whereby the potential of said potential 
well is not less then the potential of said third po- 
tential barrier and said transfer means of one light 
intensity detecting means transfers charges therein 
to said drains means of the other light intensity- 
detecting means when said control means is in said 
third control state. 
2. The solid-state area imaging device according to 
claim 1, wherein the potential of said first potential 
barrier and the potential of said third potential barrier 
are constant respectively. 
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